Ethical approval: The University of Otago Ethics Committee approved this study. All participants gave written informed consent along with returned surveys. 
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Predictors to back pain in lower limb amputation 2 and the results must be interpreted with caution. In those with LBP, the presence of residual 24 limb problems (beta = 0.21, p = .01), and experiencing LBP symptoms during sit-to-stand task 25 LBP is a multifactorial impairment with physical, personal, and amputee-specific factors 41
contributing to symptoms and disability [6] . Physical factors such as asymmetrical postures (e.g. 42 lifting) [7] and gait patterns (e.g. Trendelenburg gait) [8] , reduced spinal muscle strength and 43 endurance [9] , and postural asymmetries (e.g. leg-length discrepancy and increased anterior 44 pelvic tilt) [10] may contribute to the intensity of LBP in people with lower limb amputation 45 (LLA). Personal factors identified to influence LBP in the general population include: older age 46
[11], gender, increase in body mass [12] , work status [6] , and the presence of comorbid 47 M A N U S C R I P T
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Predictors to back pain in lower limb amputation 5 only people with non-dysvascular amputation (i.e. trauma or tumour) because people with non-84 dysvascular amputation tend to be younger, present with less comorbid conditions, and more 85 active prosthetic users [17] [18] [19] than those with non-dysvascular amputation (i.e. peripheral 86 vascular disease and diabetes) [20] . Thus, we sought to investigate a relative young and healthy 87 sample as a way to control for the influence of comorbid conditions that might influence LBP. 88
Furthermore, owing to younger age at the time of amputation, persons with non-dysvascular 89 amputation continue to live with their prosthesis for more years [21] potentially increasing the 90 risk of developing secondary musculoskeletal impairments such as LBP. A minimum prosthesis 91 usage of one year since amputation was chosen similar to previous surveys conducted in this 92 population [5, 20] . Participants with bi-lateral LLA and those with a history of lower back 93 surgery were excluded from the survey. 94
Design

95
A cross-sectional survey was administered to a national sample of people with TFA and TTA due 96 to trauma and tumours in XX. 97
Sample size calculation 98
This study was powered to be able to estimate the overall prevalence of LBP within a margin of 99 error of ±5%. Based on Dillman's sample size formula [22] , 295 participants were required with 100 non-dysvascular TFA and TTA in XX assuming: 95% confidence level and 50/50 split for 101 choosing a 'yes' or 'no' response to the LBP question. Given a recent national survey of the same 102 population had a 56% response rate [3] , and that people with TTA are twice as common as TFA 103
[23], it was estimated that 526 surveys would need to be distributed to potential participants. 104
Survey implementation
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[23]. For confidentially reasons, access to the XXXXX database is restricted only to executive 108 officials of regional artificial limb centres in XX. A simple random sampling method was chosen 109 using an online programme [24] to randomly select participants with non-dysvascular TFA and 110 TTA. Each participant received a personalised cover letter, a letter of invitation from the XXXXX, 111 an informed consent form, the survey questionnaire (Appendix), and a reply-paid envelope with 112 a unique number code. An electronic version of the questionnaire was created in 113 SurveyMonkey ® (http://www.surveymonkey.com/) and survey respondents were given the 114 choice of completing either the paper-based or the online survey. The electronic link for the 115 survey was provided in the cover letter with specific instructions to respond either via mail or 116 online, but not both. Participants responding online were requested to provide the unique 117 number code as part of their response. After a period of 3 weeks from the initial mail-out, a 118 reminder letter was sent to all potential respondents to maximise the response rate [ 
Predictors to back pain in lower limb amputation 7 in the residual limb affecting their walking ability were adapted from the comorbid pain 133 conditions section of the TAPES questionnaire [26] . An additional question focusing on presence 134 of comorbid conditions (e.g. heart disease, diabetes, and depression) was included, similar to 135 the previous national survey conducted in this population [3] . 136
Section 2 -Low back pain presence and intensity
137
The LBP questions (Appendix) were adapted from standardised LBP definition questions 138 recommended by a global panel of LBP experts for conducting prevalence studies [28] . The 139 average LBP intensity over the last 4 weeks was measured on a 0 to 10 Numerical Pain Rating 140
Scale (NRS). The question on 'bothersomeness' due to LBP was adapted from a similar previous 141 survey conducted in persons with LLA [5] . This question was included as it represented the 142 affective dimension of pain [29] . 143
Section 3 -Functional activity questions
144
Only participants who answered 'yes' to the LBP question "In the past 4 weeks, have you had pain 145 in your low back region?" completed Section 3: Functional Activity, of the questionnaire 146 (Appendix). The functional activity questions were developed from the findings of focus groups 147 conducted with people with LLA and LBP [30] . As the functional activity questions were 148 untested in people with LLA, a series of steps were undertaken in piloting functional activity 149 questions prior to administering the surveys. 150
Step 1 -Questionnaire construction 151
From the focus group study [30] , those functional activities perceived to aggravate LBP 152 symptoms that could be categorised as 'uneven movements and compensatory postures' were 153 identified. As most of the functional activities identified from the focus group study [30] were 154 already part of the Oswestry Disability Index The questions and responses were modified based on this feedback. 177
Step 3 -Test-retest reliability 178 M A N U S C R I P T 
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Factors influencing LBP intensity in people with LLA
217
In those who reported presence of LBP, a multivariate linear regression was used to investigate 218 the factors influencing LBP intensity. Given that pain intensity measured on a 0 to 10 NRS, we 219 tested the normal distribution of scores using visual methods (i.e. histogram and Q-Q plot) [41] . 220
Debate exists in the literature in treating NRS as a ratio or ordinal scale [42] [43] [44] . As the data 221 were normally distributed, we considered NRS as a ratio scale for the purpose of this study [43] . 222 Independent variables included: Personal and amputee-specific factors as described in the 223 multivariate logistic regression model. Physical factors included pain provoking postures such 224 as standing, bending, lifting, walking, sitting, sit-to-stand, getting in and out of the car, and 225 climbing stairs measured as a dichotomous variable, i.e. 'yes' or 'no'. Unadjusted analyses were 226 undertaken to assess the individual association between each independent variable and 227 dependent variable. Those independent variables satisfying the a priori criterion of p<.25 from 228 unadjusted analyses were chosen for final adjusted analysis [40] .
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Results
231
Survey response
232
Of the 526 surveys sent, 36 surveys were returned as non-deliverable. Thus, a total of 490 233 potential respondents could have completed the survey. We received 213 responses yielding a 234 43.4% response rate (213/490). Five questionnaires were excluded from the final analysis due 235 to incomplete data (n = 2), blank survey (n = 1), and response by both post and online (n = 2). 236
Thus, 208 questionnaires were included for final analysis. 237
Participant characteristics
238
Participant characteristics are presented in Table 1 . Most respondents were middle-aged 239 (52±9), men (74%), XX -European (81%), and currently employed (64%). The number of 240 respondents with TTA (n = 130) was greater than those with TFA (n = 78). 241
Factors influencing presence of LBP in persons with LLA
242
The results of unadjusted analyses are presented in Table 2 . Eight independent variables met 243 the a priori criterion of p<.25 (Table 2) . As only six independent variables could be included in 244 the adjusted analysis [40], the criterion was further revised to p<.10. The predictors: (1) work 245 status, 2) phantom limb pain, 3) non-amputated limb pain, 4) residual limb problems, and 5) 246 presence of 2+ comorbid conditions presented a p<.01, and were included in the final adjusted 247 analysis (Table 2) . 248
For the sixth predictor, the independent variable BMI had the lowest p value (p = .07) as 249 compared with age (p = .08) and weight (p = .09) as shown in Table 2 and was included in the 250 final adjusted analysis. Including BMI in the adjusted analysis reduced the sample size for final 251 analysis to 189. As the missing value accounted for greater than 10% of sample size (N = 208), itM A N U S C R I P T
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Five iterations were performed to estimate the missing data in SPSS. The data from pooled 254 estimates of five iterations were used for final adjusted analysis [45] . 255
In the final adjusted analysis (Table 3) , the independent variables such as presence of more than 256 two comorbid conditions (prevalence odds ratio (POR) = 4.34, 95% CI = 1.34 to 14.04, p = .01), 257 presence of residual limb problems (POR = 3.76, 95% CI = 1.84 to 7.68, p<.01), and presence of 258 phantom limb pain (POR = 2.46, 95% CI = 1.24 to 4.89, p = .01) significantly predicted the 259 presence of LBP. Prevalence odds ratios (POR) were presented for all the independent variables. 260
Given the high LBP prevalence (63%) in the study, there is a tendency for overestimation of POR 261 and the results must be interpreted with caution [46] . 262
Factors influencing LBP intensity in people with LLA
263
In those with LBP (n = 139), thirteen independent variables satisfied the a priori criterion of 264 p<.25 in the unadjusted analyses (Table 4) , with all variables having an "n" of at least 130. Thus, 265 it was decided not to compute multiple imputations for the missing data. 266 Table 5 shows the final multivariate model influencing LBP intensity in people with LLA. Of the 267 13 independent variables, three were statistically significant. Work status had a negative 268 association with influencing LBP intensity (beta = -0.18, 95% CI = -1.33 to -0.06, p = .03). 
Discussion
274
This study is the first to test which physical, personal, and amputee-specific factors influenced 275 the presence and intensity of LBP in people with TFA and TTA. After adjusting for potentialM A N U S C R I P T
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Predictors to back pain in lower limb amputation 13 general health conditions, residual limb problems, and phantom limb pain (p < .05) (Table 3) . In 278 those with LBP, the presence of residual limb problems, and experience of LBP symptoms 279 during a sit-to-stand task had a positive association with LBP intensity, while work status had a 280 negative association with LBP intensity in the multivariate regression model (Table 5) . 281
Factors influencing presence of LBP in people with LLA
282
The presence of two or more comorbid conditions significantly predicted the presence of LBP. It 283 must be noted that, the POR reported in the present study should not be interpreted as risk 284 ratios due to high LBP prevalence (63%) in this population. For example, a POR of 4.3 for the 285 independent variable (i.e. presence of 2+ comorbid conditions) translates to a risk ratio below 286 2.0 when the outcome is this common (63%) [47] . Thus, the risk is less than 2-fold for reporting 287 the presence LBP in those with 2+ comorbid conditions. Therefore, misinterpreting a POR of 4.3 288 as 4-fold increase in the risk of reporting the presence of LBP is not recommended [46] . Getting up from a sitting position was associated with increasing LBP intensity (p = .03; beta = 333 0.22,). This day-to-day activity is more demanding than walking due to increased muscle work 334 and movement control required performing this task [57] . From the previous focus group study, 335 participants with LLA reported that prolonged sitting often increased their LBP symptoms [30] . 
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could not be made with regards to the association between work status and intensity of LBP as 355 the current study did not investigate the type of work (i.e. physical, desk work, or both) and 356 work-related psychosocial factors (e.g. job satisfaction, job control, and coworker support). 357
Limitations
358
The following limitations must be acknowledged in interpreting the results of this study. First, 359 this is a cross-sectional study, and can only detect statistical associations, without being able to 360 assess any causal relationship to LBP. 361 Importantly, the study included only participants with LLA mainly due to trauma and tumours 362 and hence the results cannot be generalisable to people with LLA due to other causes of 363 amputation (i.e. people with dysvascular amputation). People with dysvascular amputation are 364 often reported to be older at the time of amputation and physically inactive due to the presence 365 of comorbid health conditions preceding the amputation [18] . We sought to investigate a 366 relative young and healthy sample as a way to control for the influence of comorbid conditions 367 that might influence LBP. However, people with dysvascular amputation could be equally at risk 368 
results. 392
Lastly, the section of the questionnaire on functional activities used in the survey was not fully 393 validated; for example, criterion and construct validity were not examined. These questions 394 were mainly adapted from the Oswestry Disability Index, which is a valid and reliable 395 questionnaire tested in the general population [31] . Therefore, we did not conduct a complete 396 validation procedure for these questions in an amputee population. Based on that, a complete 397 validation procedure for these questions was considered to be beyond the scope of this study. 398
As the questions were untested in the amputee population, the steps undertaken to pre-test the 399 questions by cognitive interviewing with a participant with TFA and TTA, and to establish 400 excellent test-retest reliability provided preliminary evidence for reliability and validity. Section III In this section, you will be asked about common activities which may increase your lower-back pain. Please note that there are no right or wrong answers to these questions. Please mark  that you feel best applies to you. 
